Description 

APPARATUS AND METHOD FOR ADJUSTING THE PRE-LOAD OF A 

SPRING 

Technical Field 

The present invention relates generally to pre- 
loaded spring mechanisms or assemblies and, more 
particularly, to a method and apparatus for adjusting the 
pre-load of a spring in a pre-loaded spring mechanism. 

Background 

Springs are used in assemblies and mechanisms 
as a device for storing energy as a function of 
displacement. Energy is supplied to, and stored in, the 
spring by applying a force through a suitable mechanism 
to compress the spring. The stored energy is released 
from the spring by allowing it to extend through a 
displacement. This energy may be used as a source for 
motive power (including returiTmo^ion) , shock absorbers, 
vibration control, force measurement, and the like. 

Often, mechanisms or assemblies that include a 
spring are designed to pre-load the spring to a desired 
pre-load setting as may be required for a particular 
application. Thus, the pre-loaded spring mechanism 
typically includes one or more structural elements that 
apply an axial force to the spring to compress the spring 
to the desired pre-load setting. In the example of an 
armature used to close a valve, if the pre-load of the 
spring is too high or too low, the armature may 
unexpectedly close the valve, or may fail to close the 
valve when doing so is necessary. In some instances, a 



device may have several springs, each of which should 
have a similar pre-load. However, each spring will 
exhibit its own spring characteristic and it is therefore 
extremely difficult to assemble a mechanism wherein all 
springs will have an equal pre-load. However, equal pre- 
loads in the multiple springs of such a mechanism may be 
necessary for proper and efficient operation of the 
device . 

Since manufacturing springs with identical 
spring characteristics is not practical, pre-loaded 
spring mechanisms in the past have accounted for 
variations in spring pre-load by swapping shims of 
different thicknesses or by incorporating adjustable set 
screws that vary the compression of the spring. The 
drawbacks of these spring pre-load adjustment methods is 
that the assembly must be disassembled to accomplish this 
task, and the pre-load adjustment process is typically 
time consuming and inefficient. 

Summary of the Invention 

While the invention will be described in 
connection with certain embodiments, it will be 
understood that the invention is not limited to these 
embodiments. On the contrary, the invention includes all 
alternatives, modifications and equivalents as may be 
included within the spirit and scope of the present 
invention. 

In accordance with the principles of the 
present invention, an apparatus and method are provided 
for adjusting the pre-load of a spring in a pre-loaded 
spring mechanism. The pre-loaded spring mechanism 
includes a piezoelectric device operatively coupled to a 



pre-loaded spring. A voltage source is operatively 
coupled to the piezoelectric device to apply a voltage to 
the device. The applied voltage causes the piezoelectric 
device to undergo a physical dimensional change that 
changes the pre-load of the spring. The pre-load of the 
spring is adjusted by selectively varying the voltage 
applied to the piezoelectric device. Different voltages 
can be applied to different piezoelectric devices in a 
spring mechanism having multiple pre-loaded springs so 
that each spring exhibits generally the same spring pre- 
load . 

Brief Description of the Drawings 

For a better understanding of the present 
invention, reference may be made to the accompanying 
drawings in which: 

Fig. 1 is a diagrammatic cross-sectional view 
of a pre-loaded spring mechanism in accordance with one 
embodiment of the present invention; 

Fig. 2 is a schematic diagram of a pre-loaded 
spring mechanism in accordance with one embodiment of the 
present invention; and 

Fig. 3 is a view similar to Fig. 2 of a pre- 
loaded spring mechanism in accordance with one embodiment 
of the present invention. 
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Detailed Description 

With reference to the figures, and to Fig. 1 in 
particular, a pre-loaded spring mechanism 10 is shown in 
accordance with one embodiment of the present invention. 
5 Mechanism 10 includes a piezoelectric device 12, such as 
a thermally pre-stressed bender actuator, and a spring 14 
coupled with the device 12. In one embodiment, the 
piezoelectric device 12 includes an electroactive 
layer 16, such as a ceramic wafer, that is thermally 

10 prestressed into an arcuate structure, as shown in 
Fig. 1. Suitable materials for this piezoelectric 
device 12 include those containing piezoelectric or 
electrostrictive materials such as lead, zirconate, 
titanate (PZT) , lead lanthanum zirconate titanate (PLZT) , 

15 lead stanate zirconate titanate (PSZT) , lead barium 
zirconate titanate (PBZT) and lead magnesium niobate 
(PMN) as well as any other suitable electroactive 
material . 

A first electrode 18 is applied to an upper 
20 surface 20 of the electroactive layer 16 and a second 
electrode 22 is applied to a lower surface 24 of the 
electroactive layer 16. Electrodes 18, 22 are deposited 
or applied to the upper and lower surfaces 20, 24, 
respectively, of the piezoelectric device 12 by any 
25 suitable method known to those skilled in the art, such 
as screen printing, spraying, painting or vacuum 
deposition, and may include any suitable conductive 
material. The terms "upper" and "lower" are used herein 
to simplify description of the present invention, and are 
30 not intended to limit the scope of the present invention 
in any way as other orientations of the piezoelectric 
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device 12 are possible without departing from the spirit 
and scope of the present invention. 

In the illustrative embodiment of Fig. l, the 
piezoelectric device 12 is shown in combination with the 
spring 14 in a solenoid-controlled valve arrangement 
having a solenoid 2 6 that is operable to move an armature 
28 relative to a valve orifice (not shown) . Although 
this illustrative operating environment for the 
piezoelectric device 12 is shown by way of example, those 
skilled in the art will appreciate that the device 12 of 
the present invention may be used in many different 
spring mechanisms without departing from the spirit and 
scope of the present invention. 

In the illustrative example, the piezoelectric 
15 device 12 is coupled with one end 30 of the spring 14. 

The spring end 3 0 may be coupled with or attached to the 
piezoelectric device 12 or, alternatively, may simply 
engage or contact a surface of the device 12. The spring 
14 is coupled at its opposite end 32 with the armature 
20 28. In this way, the spring 14 may be compressed from 
its free standing length to be pre-loaded between the 
device 12 and the armature 32. 

A voltage source 34 is coupled with the first 
and second electrodes 18, 22 of the piezoelectric device 
25 12 and is used to apply a voltage to the device 12. The 
applied voltage causes the piezoelectric device 12 to 
undergo a physical dimensional change by either doming or 
flattening in a direction parallel to the longitudinal 
axis of the spring 14. Depending on the extent of the 
doming or flattening of the piezoelectric device 12, 
which may be adjusted by selectively increasing or 
decreasing the applied voltage to the device 12, the 
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length of the spring 14 may be variably compressed or 
extended to adjust the pre-load of the spring. By this 
combination of the piezoelectric device 12 and the spring 
14, multiple springs of a pre-loaded spring mechanism may 
each be adjusted to exhibit identical pre-loads by 
selectively varying the voltage applied to each 
device 12 . 

More specifically, the first and second 
electrodes 18, 22 are connected to positive and negative 
terminals 36, 38 of voltage source 34 that is operable to 
energize and cause bending movement of the piezoelectric 
device 12 as is known in the art. Although the 
illustrated embodiment of the present invention is 
depicted as only having one electroactive layer 16 and a 
pair of electrode layers 18, 22, the piezoelectric 
device 12 may comprise a stacked arrangement having 
multiple electroactive and electrode layers. Wire 
leads 40 couple the terminals 36, 38 with the electrodes 
18, 22 to provide electrical contact to the device. The 
voltage source 34 is used to apply voltage to the device. 

When a DC voltage is applied to the piezoelectric 
device 12, the electroactive layer 16 will undergo 
physical deformation by either doming or flattening in a 
direction parallel to the longitudinal axis of the 
spring 14 to adjust the pre-load of the spring 14. 

The piezoelectric device 12 is positioned to be 
coupled with the end 3 0 of the spring 14. Once placed 
under any degree of compression, the spring 14 will 
exhibit a particular pre-load. The piezoelectric 
device 12 may be coupled with rigid clamps 42, 44 which 
comprise a support structure to hold the actuator 12 in a 
fixed position relative to the solenoid 26, armature 28 



and spring 14 . Other types of support structures known 
to those skilled in the art may also be used. By 
selectively varying the voltage applied to the 
piezoelectric device 12, a varying force is applied to 
the spring 14 through the displacement of the 
piezoelectric device 12 that adjusts the pre-load of the 
spring to a desired setting. For example, by selectively 
increasing the voltage applied to device 12 thereby 
causing the piezoelectric device 12 to flatten, and 
thereby apply an increased force to the spring 14, the 
spring pre-load setting may be increased. Conversely, by 
selectively decreasing the voltage applied to device 12 
thereby causing the piezoelectric device 12 to increase 
its degree of doming, the spring pre-load setting may be 
decreased. In other embodiments, the reverse may be 
true, depending on the configuration of the piezoelectric 
device 12 and the spring 14 . 

Referring now to Figs. 2 and 3, in pre-loaded 
spring mechanisms having multiple pre-loaded springs, it 
is contemplated that in one embodiment of the invention, 
a single voltage source 34 may be used to provide voltage 
to each piezoelectric device 12 in a device having 
multiple pre-loaded spring mechanisms 10. According to 
the embodiment of Fig. 2, a voltage adjust circuit 46 may 
be coupled between the voltage source 34 and a respective 
one of the piezoelectric devices 12 in a pre-loaded 
spring mechanism 10. The voltage adjust circuit 46 may 
be a manually controlled potentiometer, for example, that 
is adjusted to selectively vary the voltage applied to a 
piezoelectric device 12 of a respective pre-loaded spring 
mechanism 10 to set the respective spring 14 to a desired 
pre-load setting. Alternatively, the voltage adjust 
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circuit 46 may be an analog or digitally controlled 
potentiometer, for example, that receives a control 
signal from a control source (not shown) to selectively 
vary the voltage applied to the piezoelectric device 12. 
5 Of course, it will be understood that voltage adjust 

circuits 46 could take many other forms as well that are 
capable of selectively varying the voltage applied to 
each respective piezoelectric device 12. In accordance 
with the embodiment of Fig. 2, the multiple voltage 
10 adjust circuits 46 are capable of applying different 

voltages to the multiple pre-loaded spring mechanisms 10 
so that each spring 14 may have a predetermined pre-load. 

Thus, by appropriately controlling the position of the 
piezoelectric devices 12, the performance characteristics 
15 of each spring 14 may be controlled, and the variation in 
the spring 14 due to manufacture may be compensated for, 
or even exaggerated. Thus, multiple springs 14 could be 
controlled so as to exhibit a nearly identical pre-load. 

In another embodiment of the invention, as 
20 shown in Fig. 3, a separate voltage source 34 may be 
coupled to each pre-loaded spring mechanism 10 to 
selectively vary the voltage applied to each 
piezoelectric device 12. The voltage sources 34 would be 
capable of applying different voltages to the respective 
25 piezoelectric devices 12 in the pre-loaded spring 

mechanisms 10 so that each spring 14 exhibits generally 
the same spring pre-load or other predetermined pre-load. 
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Industrial Applicability 

With reference to the figures and in operation, 
a piezoelectric device 12, such as a thermally pre- 
stressed bender actuator, is provided in a pre-loaded 
5 spring mechanism 10. 

By selectively varying the voltage applied to 
the piezoelectric device 12, the pre-load of the 
spring 14 can be adjusted. Different voltages can be 
applied to different piezoelectric devices 12 in a pre- 
10 loaded spring mechanism having multiple pre-loaded 

springs so that each spring exhibits generally the same 
spring pre-load or some other predetermined pre-load. 

The springs 14 may be coupled with other 
moveable devices (not shown) that have varying inertial 
15 characteristics. By appropriate selection of the pre- 
load for the respective springs 14, to compensate, each 
of the devices may perform similarly for a given 
stimulus, e.g. have net inertial properties that are 
substantially similar. 
20 Other aspects and features of the present 

invention can be obtained from a study of the drawings, 
the disclosure and the appended claims. 

From the foregoing, it will be appreciated 
that, although specific embodiments of the invention have 
25 been described herein for purposes of illustration, 

various modifications may be made without deviating from 
the spirit or scope of the invention. Accordingly, the 
invention is not limited except as by the appended 
claims . 



